Introduction
A standard electroencephalogram (EEG) is an important tool in the evaluation of epilepsy. In combination with a clinical assessment it aids the classification and management of epilepsies. 1 Reporting physiologists and clinicians look for the occurrence and the localisation of abnormal electrical activity, e.g. spike wave discharges, discrete sharp waves and notched slow waves in EEG readings to support their diagnosis of epilepsy.
In order to obtain a satisfactory EEG reading The American Clinical Neurophysiology Society recommends standard EEGs to contain a baseline EEG recording of at least 20 min that is technically satisfactory. 2 The concept behind that is that the recording time is proportional to the chance of detecting abnormalities which are supportive of the diagnosis of epilepsy. 3 The International League Against Epilepsy even recommends that standard EEGs should at least contain a satisfactory baseline EEG recording of 30 min. 4 In the UK the paediatric sub-group of Electrophysiological Technologist's association recommends that the ''gold standard'' for recording length, as in adults, is 20 min (personal communication). Not only is there variation in the recommendations but also little evidence about the shortest sensible duration for paediatric standard EEGs. Airoldi et al. 3 showed that the EEG recording time could be reduced to 4 min for adults in several conditions, but not epilepsy. These conclusions though, may not be applicable to children. It may be reasonable to reduce the recording time to as little as 15 min or less in children with possible epilepsy, provided information would be missed in only a small number of children where epilepsy was suspected and that these children would show important changes on a conventional length recording. This would not only allow saving of valuable resources in busy EEGdepartments, but would also mean that children would need to Purpose: The ILAE recommends baseline recordings of 30 min to detect abnormalities supporting a clinical diagnosis of epilepsy in children. A shorter recording time may be better tolerated by children and be more resource-efficient. Our aim was to determine how many abnormalities supporting a diagnosis of epilepsy would be missed by reducing the recording time of paediatric standard electroencephalograms (EEGs) from 20 to 15 min. Methods: We evaluated standard EEGs of 300 patients aged 2 months to 17 years referred consecutively with confirmed or suspected epilepsy. EEGs were recorded for 20 min on digital media. A digital copy of each EEG was truncated to give consecutive sequences of 10 min (sequence ''A'') and 5 min duration (sequences ''B'' and ''C'' respectively). A panel of EEG raters blinded to the children's' details other than age identified these sequences as ''normal'' or ''abnormal'' if they contained spike waves, discrete sharp waves or notched slow waves in the respective EEG period. Results: EEGs of 297 children were analysed (three were omitted for technical reasons). 109 out of 297 EEGs (37%) had specific abnormalities supportive of a diagnosis of an epilepsy. 17 of these EEGs showed the abnormality in EEG sequences ''B'' or ''C'' and 7 (95% CI: 1.9-12.2) out of these demonstrated the abnormality in sequence ''C'' only. 105 out of 297 EEGs had non-specific findings. cooperate for a shorter time period. This is particularly important when dealing with young children or those with learning difficulties, who can be very challenging. Our aim was to determine how many abnormalities supporting a diagnosis of epilepsy would be missed by reducing the recording time of paediatric standard EEGs from 20 to 15 min.
Conclusion

Methods
Royal Manchester Children's Hospital serves as a tertiary neurology referral centre for Greater Manchester and also receives referrals for EEG recordings from seven other hospitals across the North Western region. EEGs of 300 consecutive children referred for a recording with confirmed or suspected epilepsy between 2003 and 2004 were evaluated. Neonates were excluded. The age range for the cohort of 156 boys and 144 girls was 2 months to 17 years with a median of 9 years (mean 8.4 years).
Standard awake EEGs were recorded for 20 min using a 19 channel electroencephalograph a (PL 270) and software (PL-EEG) from Medtronic, Walter Graphtek GmbH, Germany. All tracings were recorded on digital media. The international 10-20 system was used. The positions of the electrodes were FP1, FP2, F7, F3, F2, F4, F8, T3, C3, C2, C4, T4, T5, P3, P2, P4, T6, 01, 02, A1 and A2 according to the International 10-20 system. The total recording time included 3 min of hyperventilation and at the end of the recording photic stimulation from 1 to 50 Hz. This period was always captured in sequence A (see below).
We created a copy of each EEG electronically, using the inbuilt ''copy'' function of the PL-EEG software. We then anonymised the copy and saved it assigning a study EEG number. The EEG was then truncated to give consecutive sequences. The first one, named sequence A, was 10 min long, whilst the second and third, each of 5 min duration were named sequence B and C respectively. All EEG sequences A were then reviewed independently by a panel of three EEG raters who regularly reported on EEGs and had more than 10 years professional experience, followed by EEG sequences B and then C for the same child. The panel was blind to the children' details. Each member of the panel reported each sequence and identified an EEG trace as ''normal'' or ''abnormal''. An ''abnormal'' EEG trace was defined as one supportive of a diagnosis of epilepsy if they contained spike waves, discrete sharp waves and/or notched slow waves in the respective EEG period. The panel member documented their findings. Non-specific findings, defined as slow wave or dysrhythmia or flat and feature-less appearance, were also documented. We then counted the number of EEGs thought to be abnormal after 10 min of the recording (based on sequence A), the ones reported abnormal after 15 min (periods A and B) and the ones after 20 min recording (defined as abnormal in period A, B and C). In addition we analysed data from EEGs which had only shown non-specific findings but were not supportive of a diagnosis of epilepsy by the same time intervals. The clinical physiologists usually take about 5 min to explain the procedure. For clarity this was outside the EEG recording time captured by sequences ''A-C''.
The 95% confidence interval was calculated using StatsDirect statistical software.
Results
EEGs of 297 children were analysed. Three EEGs were omitted for technical reasons. Eighty-three EEGs did not show any abnormality throughout the recording. One hundred and nine of the 297 EEGs (37%) showed an abnormality supportive of epilepsy (Fig. 1) . A total of 105 out of 297 EEGs had only non-specific findings during the 20 min recording defined.
Seventeen of the 109 EEGs (16%) supportive of epilepsy demonstrated an abnormality in the last 10 min of the recording but not in the first 10 min and out of these 7 (95% CI: 2.4-12.86) of the 109 [6.42%; 95% CI: 2.2-11.8%] demonstrated the abnormality only in the very last 5 min of the EEG recording. Overall, 7 (95% CI: 1.9-12.2) of the total number of 297 children [2.36%; 95% CI: 0.63-4.09%] demonstrated an abnormality in the last 5 min of the recording supportive of a diagnosis of an epilepsy to explain the reported symptoms. These seven children were between 1 and 13 years old (mean age 8.5 years) and had various types of seizure semiology. The clinical characteristics and abnormalities observed in the last 5 min of the EEG recordings are depicted in Table 1 . Fig. 2 shows the occurrence of specific and non-specific abnormalities observed by any panel member for the different EEG sequences A-C. Some EEGs showed more than one type of abnormality. Non-specific abnormalities could also be seen in sequences showing specific abnormalities and a high number of EEG sequences showed slow waves and dysrhythmia.
The highest number of specific abnormalities was found in EEG sequence A which was twice as long as the sequences B or C. The rate of specific abnormalities observed in sequences B and C was similar. 
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EEGs with abnor malities sug gestive of a "diag nosis" of epile psy Fig. 1 . Proportion of normal, non-specific and abnormal (suggestive of a diagnosis of epilepsy) findings seen in 297 EEGs after 10, 15 and 20 min recording time.
Conclusion
The diagnosis of an epilepsy still predominantly rests with the clinical detail. We look to an EEG amongst other things to see if it lends support for that clinical diagnosis (it may also help classify seizure type). Unfortunately it is seldom possible to record a clinical episode and the accompanying electrographic changes during the course of a 20 min recording. We therefore place reliance upon interictal changes that we know to be highly correlated with seizures in people with an epilepsy. The most important activity in this respect we know to be transient spikes, sharp wave discharge or slow wave discharge which is ''notched'' (particularly if paroxysmal and rhythmic), these changes being clearly distinguishable from background activity. False negative recordings are usually attributed to the short sampling time, limited service coverage by surface electrodes and possibly attenuation of signal by scalp thickness.
Clearly the chance of detecting an abnormality is proportional to the length of recording time. This was one conclusion drawn through submitted correspondence 5 which followed the publication of the study of Leach et al. 6 They concluded that sleep deprived EEG was an easy and inexpensive way of increasing the yield of EEG abnormalities. The duration of recordings was not stated and it must be acknowledged that the sleep-deprived EEGs showed a rate of abnormality of 73% compared to only 27% in the drug-induced sleep records. However, there are few data available to justify the recommendations from the UK Sub-group of Electrophysiological Technologists' Association and the American Clinical Neurophysiologists' Society of 20 min, or that of the International League Against Epilepsy of 30 min. Narayanan et al. 7 reviewed the findings from 46 consecutive people admitted for video-EEG monitoring at two epilepsy centres. All of them had definite epileptic seizures. The latency of the first epileptiform activity (equivalent to the specific abnormalities in our study) ranged from 1 s to 48.5 h! Only one person of the 42 had no epileptiform activity in the 24 h. Interestingly there was correlation between the latency of the first epileptiform activity and the maximal spike rate. Seventeen (37%) of the 46 people in the study had definite epileptiform activity in the first 20 min of monitoring. This figure is lower than a figure of 56% identified in the study of Ajmone Marsan. 8 However, none of those in the Narayanan study were children whereas one in three in Ajmone Marsan study were under the age of 10. There is reason to believe that the prevalence of epileptiform activity in the young is higher than in the adults as demonstrated by the study of Cavazutti et al. 9 They studied 3726 ''normal children'' aged 6-13 years recording a single EEG with hyperventilation. Epileptiform activity occurred in 3.5% (133 of 1326). In a meta-analysis of 25 studies wide inter-reader variation appears to account for a large variance in the sensitivity and specificity of EEGs. The EEG's ability to predict those who will eventually have an established diagnosis of epilepsy 10 is potentially limited by observer error. We were careful to avoid this methodological weakness by ensuring each of the EEGs in the study was read and interpreted by three people with an adjudication response at the end to settle any differences. Thus with this Australian group the 15 min recording missed discharges supportive of a diagnosis of epilepsy in about 3% (say 1 in 30 children). Our own study is remarkably concordant with it. Whereas abnormalities were missed in 2% (95% CI: 1-5%) the desire to detect EEG abnormalities in the management of epilepsy needs to be balanced with the implication of longer EEG recordings on patient compliance on the one hand, and available resources on the other. Where diagnostic doubt remains we would agree with Reardon et al. that a sleep deprived (or Melatonin sleep) EEG seems the best option on current evidence. The result of our current study should further inform future discussions where resource efficiencies are being sought.
Meanwhile we advise that a routine EEG should be tailored according to the history and not by strict time limitations. When the episodes are reliably daily a peripatetic (perhaps 24 h) recording increases the chance of capturing useful data whilst for the standard recording seizures may be captured more frequently by hyperventilation (absence seizures), photostimulation (myoclonic jerks) and the appropriate use of possible triggering factors.
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